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VWUHQJWK FULWHULRQ LV DQ LPSRUWDQW LVVXH7KHSDSHUSURYLGHV UHVXOWV RI ODERUDWRU\ H[DPLQDWLRQVRI VWUHQJWKRI VRLO
ZLWKOD\HUHGVWUXFWXUHLHYDUYHGFOD\$VHULHVRIFRQYHQWLRQDOWULD[LDOFRPSUHVVLRQWHVWVKDYHEHHQFRQGXFWHG7R
GHWHUPLQHWKHVWUHQJWKDQLVRWURS\RIVRLOWHVWVKDYHEHHQFDUULHGRXWIRUVHYHQGLIIHUHQWRULHQWDWLRQVRIODPLQDWLRQ
DQG ILYH GLIIHUHQW FRQILQLQJ SUHVVXUHV 2EWDLQHG GDWD DUH XVHG IRU YDOLGDWLRQ RI DQLVRWURSLF PDWKHPDWLFDO PRGHO
SURSRVHGE\3DULVHDX

/DERUDWRU\H[DPLQDWLRQV

([DPLQHGPDWHULDOLVDOD\HUHGVRLOFDOOHGYDUYHGFOD\,WVDQLVRWURSLFVWUXFWXUHLVFRQQHFWHGZLWKIRUPDWLRQSURFHVV
9DUYHGFOD\ LVDVHGLPHQWDU\VRLOGHSRVLWHG LQJODFLDO ODNHV'XULQJZDUPSHULRGVZKHQ WKHJODFLHUZDVPHOWLQJ
GHSRVLWVZHUHFDUULHGLQWRWKHODNHDQGFRDUVHUSDUWLFOHVGHSRVLWHGDQGFRPSRVHGOLJKWYDUYHV,QFROGSHULRGVZKHQ
WKHODNHZDVIUR]HQWKHGDUNYDUYHVZHUHIRUPHGE\SUHFLSLWDWLRQRIILQHSDUWLFOHV$FRQVHTXHQFHRIVXFKSURFHVVHV
LVDVRLOFRPSRVHGRIWZRSHULRGLFDOO\UHSHDWHGWKLQOD\HUVZLWKGLIIHUHQWPHFKDQLFDOSURSHUWLHV7KHLQYHVWLJDWLRQV
RI SURSHUWLHV RI YDUYHG FOD\V KDYH EHHQ FRQGXFWHG DPRQJ RWKHUV E\ 6DPEKDQGKDUDNVD  'H*URRW DQG
/XWHQHJJHU'H-RQJHWDO
7KHSUHVHQWVWXG\IRFXVHVRQYDUYHGFOD\VLWXDWHGLQ3RODQGQHDUFLW\RI%HáFKDWyZ$OOVDPSOHVKDYHEHHQWDNHQ
IURPRSHQFDVWPLQHGLUHFWIURPWKHVORSHDERXWPEHORZRULJLQJURXQGOHYHO7HVWHGPDWHULDOLVFRPSRVHGRI
GDUNOD\HUVZLWKWKLFNQHVVXSWRFPDQGYHU\WKLQOLJKWOD\HUV,WVOD\HUHGVWUXFWXUHLVSUHVHQWHGLQ)LJXUH7KH
JUDLQVL]HGLVWULEXWLRQDQDO\VLVVKRZVWKDWGDUNYDUYHVFRQVLVWRIDSSUR[LPDWHO\RIFOD\IUDFWLRQGPP
DQG  RI VLOW IUDFWLRQ PPGPP 7KH WH[WXUH RI EULJKW OD\HUV LV PRUH YDU\LQJ EXW WKH PHDQ
SHUFHQWDJHDPRXQWRIFOD\IUDFWLRQLVVLOWIUDFWLRQLVDQGVDQGIUDFWLRQPP!G!PPLV$Q
DYHUDJH EXON GHQVLW\ RI WKH PDWHULDO LV JFP DQG DYHUDJH PRLVWXUH FRQWHQW LV   7KH VSHFLILF
FKDUDFWHUL]DWLRQRIWKHPDWHULDOKDVEHHQSUHVHQWHGHDUOLHUE\à\GĪEDDQG7DQNLHZLF]


)LJXUH,QYHVWLJDWHGPDWHULDO±YDUYHGFOD\

$VHULHVRIFRQYHQWLRQDO WULD[LDOFRPSUHVVLRQ WHVWVKDYHEHHQFRQGXFWHGIRUHYDOXDWLRQRIPHFKDQLFDOEHKDYLRURI
WKHPDWHULDO7KHLQYHVWLJDWLRQVKDYHEHHQPDGHDFFRUGLQJWRWKHSURFHGXUH7;&,87HVWSURFHGXUHVLQJHQHUDOKDYH
IROORZHGWHFKQLTXHVSURYLGHGE\+HDGKRZHYHUWKHVDPSOHVKDYHQRWEHHQVDWXUDWHGEHIRUHWKHWHVW,QWDFW
F\OLQGULFDOVSHFLPHQVZLWKPPLQGLDPHWHUDQGPPLQOHQJWKKDYHEHHQXVHG7KHFRUHVKDYHEHHQFXWRXWDW
YDULRXVRULHQWDWLRQVRIODPLQDWLRQVĮUHODWLYHWRWUDQVYHUVHD[LVRIWKHVSHFLPHQLH
7KH LQYHVWLJDWLRQVKDYHEHHQSHUIRUPHGXQGHUILYHGLIIHUHQWFRQILQLQJSUHVVXUHV LHN3DN3DN3D
N3DDQGN3D,QILUVWWZRFDVHVWKHYDOXHRILPSRVHGSUHVVXUHLVORZHUWKDQHVWLPDWHGYHUWLFDOLQVLWXVWUHVV
DQGWKHVDPSOHVKDYHEHHQWHVWHGLQRYHUFRQVROLGDWLRQVWDWHRIVWUHVV7KHWRWDODPRXQWRIWHVWHGVSHFLPHQVLV
6SHFLPHQVKDYHEHHQVXEMHFWHGWRLVRWURSLFFRQVROLGDWLRQXQGHUIL[HGFRQILQHPHQWı3XQWLOWKHUHZDVQRFKDQJHLQ
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YROXPH$IWHUZDUGVWKH\KDYHEHHQFRPSUHVVHGZLWKFRQVWDQWVSHHGRIPPPLQZLWKRXWDOORZLQJIRUGUDLQDJH
'XHWRWKHWHVWSURFHGXUHGLIIHUHQWGLVWULEXWLRQRISRUHZDWHUSUHVVXUHLQOD\HUVDQGYDULDEOHDUUDQJHPHQWRIYDUYHV
LQHDFKVSHFLPHQWKHPHDVXUHPHQWRISRUHSUHVVXUHLVXQUHOLDEOHDQGLWKDVEHHQRPLWWHG7KHPDLQRXWFRPHVRIWKH
H[DPLQDWLRQVDUHWKHGLUHFWLRQDOIDLOXUHFKDUDFWHULVWLFVSUHVHQWHGLQ)LJXUH7KH\DUHSORWWHGE\PDUNLQJWKHYDOXH
RISHDNGHYLDWRULFVWUHVV(ı1- ı3)IURPHDFKWHVWLQGHSHQGHQFHWRYDOXHRIRULHQWDWLRQDQJOHĮ7KHUDQJHRIYDOXHVLV
N3D IRUFRQILQHPHQWRIN3DN3D IRUN3DN3D IRUN3D
 N3D IRU  N3D DQG  N3D IRU  N3D 7KH ORZHVW YDOXHV RI VWUHVVHV DUH REWDLQHG IRU
RULHQWDWLRQDQJOHH[FHSWIRUFRQILQHPHQWRIN3D7KHKLJKHVWYDOXHVDUHDFKLHYHGIRURULHQWDWLRQDQJOHV
H[FHSWIRUFRQILQHPHQWRIN3D

)LJXUH5HVXOWVRIODERUDWRU\WULD[LDOWHVWVIRUYDUYHGFOD\

0DWKHPDWLFDOPRGHOOLQJ
0DQ\ UHVHDUFKHUV GHDOZLWKPRGHOLQJRI VWUHQJWK DQLVRWURS\ IRUYDULRXV JHRPDWHULDOV  7KH YDULRXV FULWHULDZHUH
SURSRVHGLQWHUDOLDE\+LOO3DULVHDX7VDLDQG:X&D]DFX'XYHDXDQG+HQU\
3LHWUXV]F]DNDQG0Uy]à\GĪEDDQG.DZD7KHFULWHULRQVHOHFWHGIRUHYDOXDWLRQ LQ WKHSDSHU LV WKH
RQH SURSRVHG E\ 3DULVHDX ,W LV DQ H[WHQVLRQ RI DQLVRWURSLF +LOO¶V FULWHULRQ IRU FRKHVLRQ IULFWLRQDO PDWHULDOV ,Q
JHQHUDOIRUPWKHFULWHULRQFDQEHH[SUHVVHGDVIROORZV
   
n
ij ij ijkl ij klA AV V V  d       
ZKHUHAij DQGAijkl DUH DQLVRWURSLF PDWHULDO WHQVRUV ıij DQG ıkl DUH FRPSRQHQWV RI WKH VWUHVV WHQVRUV DQG n LV WKH
DGGLWLRQDOPDWHULDO FRQVWDQW+RZHYHU IRUPRVW JHRPDWHULDOV WKH EHVW ILWWLQJ LV REWDLQHG IRUn  ZKLFK LV DOVR
DVVXPHG LQ WKH LQYHVWLJDWLRQV )RU WKH WUDQVYHUVHO\ LVRWURSLF PDWHULDO WKH PDWHULDO WHQVRUV FDQ EH SURYLGHG DV
IROORZV
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ZKHUHF, G, M, U, VDUHILYHPDWHULDOFRQVWDQWV7KHVHFRQVWDQWVFDQEHHVWLPDWHGE\FRQGXFWLQJDVHULHVRIXQLD[LDO
FRPSUHVVLRQWHQVLRQDVZHOODVFRPSUHVVLRQLQGLUHFWLRQWRPDWHULDOGLUHFWLRQWHVWVDVSURSRVHGE\3DULVHDX
,QWKLVDUWLFOHWKHSURFHGXUHRILGHQWLILFDWLRQLVTXLWHGLIIHUHQW7KHUHVXOWVRIFRPSUHVVLRQZLWKGLIIHUHQWYDOXHVRI
FRQILQLQJSUHVVXUHKDYHEHHQXVHGWRLGHQWLI\WKHFULWHULRQ)LUVWWKHYDOXHVRIFRQVWDQWVLHF, G, U, VKDYHEHHQ
REWDLQHGEDVHGRQUHVXOWVRIWKHWHVWSHUIRUPHGLQPDWHULDOGLUHFWLRQ)RUFRPSUHVVLRQSHUIRUPHGIRUVDPSOHVZLWK
KRUL]RQWDO Į  DQG YHUWLFDO Į  ODPLQDWLRQ ZLWK FRQILQLQJ SUHVVXUH ı3 WKH 3DULVHDX FULWHULRQ FDQ EH
VLPSOLILHGWRWZRHTXDWLRQV
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ZKLFKDUHOLQHDUZLWKUHVSHFWWRFRQILQLQJSUHVVXUH7KHYDOXHVF, G, U, DQG VKDYHEHHQFDOFXODWHGE\ILWWLQJWKH
HTXDWLRQLQWHVWUHVXOWVIRUGLIIHUHQWYDOXHVRIFRQILQHPHQW$VWKHV\VWHPLVKLJKO\QRQOLQHDUWKHSUREOHPLVQRW
DWULYLDORQHDQGQRH[DFWVROXWLRQKDVEHHQIRXQG6DWLVIDFWRU\ILWWLQJKDGEHHQREWDLQHGIRUYDOXHV
   U   V 
   G   F 

6XEVHTXHQWO\WKHYDOXHRIMKDVEHHQREWDLQHGEDVHGRQILWWLQJRI3DULVHDXFULWHULRQIRUSUHYLRXVO\HVWLPDWHG
YDOXHV RI FRQVWDQWV LQ WHVW UHVXOWV IRU RULHQWDWLRQ DQJOHV GLIIHUHQW IURP  DQG  7KH YDOXH RIM KDV EHHQ
HVWDEOLVKHGDV7KHILQGLQJVKDYHEHHQFRPSDUHGZLWKH[SHULPHQWDOGDWDDQGDUHSUHVHQWHGLQ)LJXUHDQG
7KHUHVXOWVH[KLELWDJRRGFRUUHODWLRQHYHQZLWKRXWWDNLQJLQWRDFFRXQWSUHFRQVROLGDWLRQVWUHVV2QO\IRUFRQILQLQJ
SUHVVXUHN3DWKHFRUUHODWLRQLVQRWVDWLVIDFWRU\HVSHFLDOO\LQUDQJHRIDQJOHRULHQWDWLRQV+RZHYHUIRU
WKLVFRQILQHPHQWWKHVWUHQJWKFKDUDFWHULVWLFGLIIHUVIURPWKHRWKHUV

&RQFOXVLRQV
 
,QWKLVSDSHUUHVXOWVRIODERUDWRU\WHVWVRIVWUHQJWKDQLVRWURS\RIYDUYHGFOD\KDYHEHHQSUHVHQWHG0DLQRXWFRPHLV
FRPSULVHG RI GLUHFWLRQDO VWUHQJWK FKDUDFWHULVWLFV RI WKH WHVWHG PDWHULDO 2EWDLQHG UHVXOWV KDYH EHHQ XVHG IRU
LGHQWLILFDWLRQRIDQLVRWURSLFVWUHQJWKFULWHULRQSURSRVHGE\3DULVHDX7KHWKHRUHWLFDOOLQHVKRZVJRRGDJUHHPHQWZLWK
WKHH[SHULPHQWDOGDWD IRU FRQILQHPHQWRIN3DN3DN3DDQGN3D7KH WHVW UHVXOWV IRUN3D
H[KLELWGLIIHUHQWGHSHQGHQFHVRIYDULDEOHVDQGWKHDSSUR[LPDWLRQLVQRWVDWLVIDFWRU\
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7KHZRUNIRULGHQWLILFDWLRQRIDGHTXDWHFULWHULRQIRUWKHWHVWHGVRLOZLOOEHFRQWLQXHGLQWKHIXWXUH

)LJXUH&RPSDULVRQRIWKHWHVWUHVXOWVDQGWKHRUHWLFDOPRGHO



737 Matylda Tankiewicz /  Procedia Earth and Planetary Science  15 ( 2015 )  732 – 737 

)LJXUH&RPSDULVRQRIWKHWHVWUHVXOWVDQGWKHRUHWLFDOPRGHOIRUFRQILQHPHQW
DN3DEN3DFN3DGN3DHN3D

5HIHUHQFHV
 &D]DFX2&ULVWHVFX1'6KDR-)+HQU\-3$1HZ$QLVRWURSLF)DLOXUH&ULWHULRQIRU7UDQVYHUVDO\,VRWURSLF6ROLGV
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